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Abstract
The Resonant Recognition Model (RRM) is a
physicomathematical model developed for
structure/function analysis of protein and DNA
sequences.  Initially, the electron-ion interaction
potentials (EIIP) of amino acids have been used to
determine the characteristic frequency of
biologically related proteins.  In this study `we
have analysed the effect of various other amino
acid parameters on characteristic frequencies of
selected proteins.  We found three parameters that
satisfied all conditions to be used within the RRM.
Here, we have discussed the application of these
new parameters in comparison with application of
EIIP and Ionisation Constant parameters.
Methods
With the rapid expansion of protein databases, the
biological function of newly sequenced proteins and
determination of their relationship with defined
functional families has become a real problem.  On
going studies to predict the structure and function of
proteins from the primary sequence have, as yet,
proven unsuccessful although significant insight has
been gained [1].  The RRM is a model that interprets
the protein primary sequence [2,3].  The RRM has
been employed here to investigate the effect of
different amino acid properties on the characteristic
frequency of the protein groups under examination.
Introduction
The RRM is based on the findings that there is a
significant correlation between spectra of the
numerical presentation of amino acids and their
biological activity [3].  The RRM involves a two-
stage analysis of the protein sequence.  The first stage
involves transformation of the amino acid sequence
into a numerical sequence.  Each amino acid is
represented by the value of the electron-ion
interaction potential (EIIP), which describes the
average energy states of all valence electrons in the
particular amino acid.  Numerical series obtained in
this way have been analysed by digital signal analysis
methods in order to extract structural and functional
information pertinent to the studied proteins.  For this
purpose, the original numerical sequence is
transformed to the frequency domain using Fourier
Transform (FT).  To determine the common
frequency components in the spectra for the
sequences analysed, the multiple cross-spectral
function was used.  Peaks in this function denote
common frequency components for the protein
function group.  The signal -to-noise ratio (S/N) for
each peak was considered as a measure of similarity
between the analysed sequences.  Through an
extensive study, the RRM has reached a fundamental
conclusion: one RRM characteristic frequency
characterises one particular biological function or
interaction [2,3].  This frequency is related to the
biological function provided the following criteria are
met:
A: One peak only exists for a group of protein
sequences sharing the same biological function.
B: No significant peak exists for biologically
unrelated protein sequences.
C: Peak frequencies are different for different
biological functions.
Once the RRM characteristic frequency for a
particular biological function or interaction has been
determined, it is possible to identify the individual
amino acids, so called "hot spots" or domains, that
contribute mostly to the characteristic frequency and
thus to protein's biological function as well [2,3].
Also it is possible then to design bioactive peptides
having only characteristic frequency and
consequently having the desired biological function
[4,5].
The assignment of particular number for each amino
acid is a crucial step in all these calculations.  This set
of numbers should have a physical meaning related to
protein's biological function.  In previous studies [6],
the EIIP of each amino acid was used.  The resulting
numerical series represents the distribution of the free
electron energies along the protein.  The values of
EIIP for each amino acid were mathematically
obtained from an approximate pseudopotential model
[6].  Recently, we have shown that similar, consistent
results could be obtained by using Ionisation Constant
of amino acid (IC) parameter value instead of the
EIIP to represent each amino acid in the sequence
[7,8,9].  IC is a measurable physical value and is
more exact in comparison with EIIP, which is
calculated and includes a lot of approximations.
Although we have used EIIP and IC parameters
successfully in our previous studies we have
investigated here the possible usage of other amino
acid properties for structure/function analysis of
proteins within the RRM.
Thus, in this study amino acid properties are
compared.  All of them were obtained from the
Amino Acid Index Database [10].  An amino acid
index is a set of 20 numerical values representing any
of the different physicochemical and biological
properties of amino acids.  This is a collection of
published indices together with the result of cluster
analysis using the correlation coefficient as the
distance between two indices.  This section currently
contains 402 indices.  The amino acid sequence may
be considered as a sequence of numerical values
reflecting various aspects of amino acid residues,
such as: hydrophobicity and bulkiness.  This analysis
is intended as a practical guide for making use of
suitable indices for structural and functional
predictions.  Because many of them were highly
correlated, hierarchical cluster analysis was
performed using the correlation coefficient as a
measure of similarity.  The amino acid parameters are
arranged accordingly to the groupings of Kawashima,
S and Kahenisa, M et al. (2000).  Thus, there are six
main groups of parameters which are categorized by
their first letter identifier: (A) alpha and turn
propensities, (B) beta propensity, (H) hydrophobicity,
(C) composition, (P) physicochemical properties and
(O) other properties.
Results
Once the database was established, correlation
calculations were carried out sequentially between
each of the parameters and the referential EIIP values
in order to test for any linear relationship between
them.  Parameters having correlation coefficients in
excess of +/- 0.5 were deemed to be the most strongly
correlated with EIIP and were thus isolated [11].
These selected parameters are: P001-α-CH chemical
shifts (Andersen 1992), H085-Localised electrical
effect (Fauchere, 1988) and H371- Normalized
frequency of chain reversal D (Tanaka-Scherega,
1977).  The parameter values and their correlation
coefficients with EIIP are shown in Table 1.
Sequences from six protein functional groups:
glucagons, lysozymes, hemoglobins, myoglobins, and
cytochromes C and EGFs were analyzed.  In this
work each amino acid in the sequence is then
represented by corresponding value of selected
parameters instead by EIIP value as it was done
previously.
Numerical series obtained in this way were analyzed
and a multiple cross-spectral analysis was performed
for each group.  Peak frequency and S/N values are
shown in Table 2.
Table 1.  Analyzed parameter values and their
correlation coefficients with EIIP.
EIIP IC P001 H085 H371
Ala 0.0373 2.30 4.35 -0.01 0.937
Arg 0.0959 1.82 4.38 0.04 1.725
Asn 0.0036 2.20 4.75 0.06 1.080
Asp 0.1263 1.88 4.76 0.15 1.640
Cys 0.0829 1.96 4.65 0.12 1.004
Gln 0.0761 2.06 4.37 0.05 1.078
Glu 0.0058 2.30 4.29 0.07 0.679
Gly 0.0050 2.46 3.97 0.00 0.901
His 0.0242 2.30 4.63 0.08 1.085
Ile 0.0000 2.40 3.95 -0.01 0.178
Leu 0.0000 2.40 4.17 -0.01 0.808
Lys 0.0371 2.20 4.36 0.00 1.254
Met 0.0823 2.17 4.52 0.04 0.886
Phe 0.0946 1.98 4.66 0.03 0.803
Pro 0.0198 2.00 4.44 0.00 0.748
Ser 0.0829 2.10 4.50 0.11 1.145
Thr 0.0941 2.09 4.35 0.04 1.487
Trp 0.0548 2.37 4.70 0.00 0.803
Tyr 0.0516 2.20 4.60 0.03 1.227
Val 0.0057 2.35 3.95 0.01 0.625
R -0.794 0.554 0.564 0.665
Discussion
Assumption is that sequences with the same
biological function share the same characteristic
periodic component in the distribution of energy of
delocalised electrons.  Each specific biological
function is characterized by a single frequency.
Thus, a multiple cross-spectral analysis was
performed for each analyzed protein group, using
new parameter values.  Results of this study have
shown that all three parameters P001, H085 and H371
generate in consensus spectrum one dominant peak
corresponding to common biological activity of
selected protein groups and are performed
accordingly to pointed out criteria.
It could be observed from Table 2. that for Glucagon,
Lysozyme, Hemoglobin, Cytochrome C, and EGF
protein groups the same characteristic frequencies
(within the calculation error) were obtained using
both EIIP and IC parameters.  This similarity is
highly expectable, as there is a strong correlation -
0.794 between those two parameters, which reflects
into the analogy between spectra of pointed out
proteins.
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Fig.1.  Multiple cross-spectral function of
Hemoglobin using: (a) P001 and (b) EIIP parameters.
Furthermore, it should be noted that for Cytochrome
C and EGF the same characteristic frequencies were
obtained using parameter P001 as it was done
previously using EIIP and IC parameters.  For EGF
protein group we have obtained the same result using
H085 parameter.  And for Lysozyme and EGF
proteins using H371 parameter as well.  The analogy
of the peak frequencies implies that in this particular
frequency the analyzed protein group reveals the
same specific biological function.  Of interest is a fact
that for the rest analyzed functional groups
characteristic frequencies are different.  It could be
explained by the fact that frequencies are different for
different biological functions.  Thus, each of analyzed
parameters P001, H085 and H371 allows us to detect
a single frequency, which is relevant to the specific
biological function of the studied protein sequences.
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Fig.2.  Multiple cross-spectral function of Lysozyme
using: (a) H085 and (b) EIIP parameters.
It is important to mention that the correlation
coefficients values of studied parameters P001, H085
and H371 (Table 1.) are smaller than the
corresponding correlation coefficient values of IC
with EIIP.  Based on our previous investigations we
could conclude that the significance of correlation
between selected parameters is then reflected into the
analogy of spectra of analyzed proteins.  Furthermore,
this analogy implies that we can detect then that
particular characteristic frequency which is relevant
to common biological behavior of whole functional
protein group.  Therefore, the correlation coefficient
value of studied parameter could be considered after
all as one of the major factors influenced on the
selection of the analyzed parameter for his further
usage within the RRM for structure/function analysis
of unrelated proteins.
0 0.1 0.2 0.3 0.4 0.5
0
10
20
30
40
50
60
70
80
90
100
(%)
Multiple cross-spectral function
(a)
0 0.1 0.2 0.3 0.4 0.5
0
10
20
30
40
50
60
70
80
90
100
(%)
Multiple cross-spectral function
(b)
Fig.3.  Multiple cross-spectral function of Glucagon
using (a) H371 and (b) EIIP parameters.
Conclusion
The aim of this study was to select those parameters,
representing different amino acid properties, that are
most suitable to represent the common biological
behaviour of the proteins studied.
Results obtained reveal P001, H085 and H371 amino
acid parameters can be used for protein
structure/function analysis within the RRM, so far as
they satisfy all listed above criteria, but these three
parameters are not equally efficient accordingly to
correlation coefficient and S/N values.  Finally, after
comparison obtained results we can conclude that
analyzed parameters P001, H085 and H371 wouldn't
be solely the best parameters to use within the RRM.
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Table 2.  Peak Frequency and Signal-to-Noise Values for Protein Groups using selected parameters.
Parameter EIIP IC P001 H085 H371
Freq. S/N Freq. S/N Freq. S/N Freq. S/N Freq. S/N
Glucagon 0.0879 122.7 0.0859 94.4 0.1364 166.3 0.1523 140.1 0.2520 95.7
Hemoglobin 0.0254 256.0 0.0254 256.0 0.1367 256.0 0.4102 249.1 0.3926 256.0
Lysozyme 0.3281 238.3 0.3281 249.2 0.4707 120.5 0.0742 167.3 0.3281 217.8
Myoglobin 0.2539 255.4 0.0137 191.3 0.0254 255.2 0.1270 256.0 0.2578 256.0
Cytochrome C 0.4746 247.4 0.4746 208.3 0.4746 255.5 0.4219 232.3 0.2012 150.3
EGF 0.0605 245.7 0.0605 255.8 0.0625 136.8 0.0684 171.2 0.0664 143.2
